Introduction
The exact knowledge of the normal and radiologic anatomy of blood vessels is absolutely necessary for the diagnostics of malformations and acquired degenerative variations.
The date of length, calibre and angle of the divisions of arteries became of increasing importance in the last years. Particularly essential are these data in the age of growth. Taber et al. (1972) were able to derive a linear correlation of the data to the body surface in children.
If we know the normal parameters we can conclude as to functional impairments caused by irradiation (Colquhoun 1966) , atherosclerosis (Steinberg et al. 1965 ) and other alterations.
The correlation of data of morphological and angiographic investigations became of increasing importance.
Material and Methods
We used full size angiograms of the abdominal aorta done with a retrograde catheter after the puncture of the femoral artery. The distance of the focus to the film was 1.2 in. The coefficient of enlargement of the radiographic image in relation to the object was 1.33. Hence, all linear measurements of anatomic details on films were in * We thank Doz . DDr. Mag. L. Reisinger (Institute for Statistics, Univ . Vienna) for his valuable help in the statistical operations. reality one-third smaller. We investigated the angiograms of 61 grown-ups, 33 males and 28 females, aged between 17 and 74 years. We did not evaluate material suspect of anatomic varieties. The level of origin of an artery was regarded in projection to the sceletal system. The breadth of the column of contrast medium was taken as the calibre of the vessel (see Fig. 1 ). The length of the vessel was measured with a length measurer. We used the following statistical operations : mean values, standard deviations, t-test and F-test.
Results
The calibre of the abdominal aorta (see Figs. 2 and 3) decreased statistically significant in both sexes from Th. (mean value 26 mm) down to the aortic bifurcation (mean value 19 mm). There were statistically significant sex-differences (see Fig. 3 ). The means calibre of the aorta was 2 mm minor in the female than in the male sex. In its course the aorta approached the median line more and more (see Fig. 2 ). This was always highly significant regarding the whole course. In some cases there were considerable oscillations of the calibre (see Fig. 4 ) caused by atherosclerosis or -there was a marked tortuosity of the aorta and the iliac arteries resulting in a repeated crossing of the aorta over the median line (see Fig. 5 ). The mean angle of the aortic bifurcation was 37° (see Fig. 6 ). The mean angle of the iliac bifurcation was 29° on the right and about 20° on the left side. In the mean the aortic bifurcation had a level of L4 (see Fig. 7 ). We observed a decrease of the bifurcation with advancing age. The sex distribution showed a similar result in females and males (see Fig. 8 ).
The mean calibre of the left and right renal artery was practically identical and measured about 7.8 mm (see Fig. 8 ). In the female sex the calibre was about 0.8 mm minor than in the male. The -mean calibre of the splenic artery differed statistically significant to the calibre of the renal arteries. The renal arteries originated at a level of L1-L2 (see Fig. 10 ). In our material the level of origin was slightly higher on the right than on the left side. We found, that the level of origin of the renal arteries decreased significantly with advancing age. In men (see Fig. 11 ) the level was in the mean about 1/2 vertebral body lower in older than in younger individuals. The same result (see Fig. 12 ) was found in women.
The splenic artery originated in women and men at a level of Th12-L1 (see Fig. 13 ). The level decreased with advancing age, but this was not significant in our material. In this artery the increase of length with age was particularly marked. Sometimes the total length reached a value up to the four fold of the direct distance from the origin to the hilus (see Fig. 14) .
The calibre of the right common iliac artery did not differ significantly to the left (see Fig. 15 ). In the external iliac arteries we found a similar result. The mean calibre of the internal iliac artery was 6.1 mm on the right and 6.5 mm on the left side, but this difference was not statistically significant. The length of the common iliac arteries down to the iliac bifurcation varied considerably. This was due to the variable and age-dependent level of the bifurcations and to the tortuous course of the vessels. In the mean the tortuous course was somewhat more distinct on the left than on the right side. Nearly always such tortuosity occurred in hypertensive partients (see Figs. 16, 1, 5) .
Discussion
The renal arteries are of particular clinical importance. Abnormal calibres, wall alterations and length differences in the angiogram may be the only symptom of an incipient impairment of function. The calibre is essential for diagnoses, because of reduction or irregularity of it can indicate renal or renovascular diseases, such as vessel hypoplasia, fibromusclar dysplasia and so on. In our material the level of the origin was slightly higher on the right than on the left side. This confirms the results of Hafferl (1957) , TOndury (1970) , Luzsa (1972) and Wicke et al. (1974) . Heidsieck (1928) related the level of origin of the renal arteries to the origin of the superior mesenteric artery. He found the origin of the renal artery in the mean 0.1 cm higher on the right than on the left side. Contrary to the results of the former investigators, Vogler and Herbst (1958) wrote, that the origin of the renal arteries was in the mean higher on the left than on the right side. The level of origin of the renal arteries in relation to the vertebral column was investigated by several authors. Luzsa (1972) found the level in more than 50% of the cases within the lower half of L1 and in 25% of cases at the first lumbar intervertebral disc. The renal arteries originated only in a small part of the cases at L2. De Luca and De Serio (1960) and Olsson (1964) achieved similar results. In the investigations of Danek (1973/4) the origin had a level of L1,3 (lowest third), L1,4 (intervertebral disc) or L,/, in 57% of the cases it was on the right and in 71% on the left side. Wicke et al. (1974) wrote, that the level ranged within Th,2/3-L2 .3. Accessory renal arteries were not evaluated. In over 70% of the cases examined by Edsmann (1957) the level of the origin was found at the first lumbar vertebral body and intervertebral disc. The level ranged within L112, L13, L11 or L", ,, in more than 80% of the cases investigated by Ney and Friedenberg (1968) . Often it is very hard to notice the real origin of the renal arteries, because the shadow of the aorta may cover if Therefore the origin is often evaluated at a lower level in the angiogram than in the sections revealing the actual origin. Pietrowski and Krylow (1968) investigated the distance between the origins of the coeliac trunk and the renal arteries and found generally two types of behaviour. The "compact type" showed a short distance, the "disperse type" of branching a long one. There are different results concerning the calibre of the renal arteries in the respective literature.
The mean calibre of the renal arteries was 5.5 mm in Merklin and Michels (1957), 6.1 mm in Baudisch and Arndt (1969) , who measured 2 cm from the origin, and 5 mm in Pietrowsky and Krylow (1968) . Edsmann (1957) found a mean calibre of 7.9 mm in the male and 6.4 mm in the female sex, Danek 8 mm in the male (ranging from 6 up to 8 mm) and 7.2 mm (ranging from 5 up to 9 mm) in the female sex. Danek measured the calibre of the renal artery 5 mm from the origin. He also evaluated accessoric vessels, which was left out, because then it would have been hard to get statistically significant calibre values. In the investigations of Piasecki (1962) the calibre of the renal artery ranged from 2 up to 9 mm, in Hou Jensen (1947) from 4 up to 7 mm and in Bochenek rnd Reicher (1958) from 6 up to 8 mm. Adachi (1928) , Bochenek and Reicher (1958) and Hou Jensen (1947) found a greater length of the renal artery on the right side than on the left one. This was caused by the aorta which was running somewhat on the left side. According to the results of Odman (1958) the calibre of the splenic artery ranged from 4 up to 8 mm with a mean value of 5.5 mm. The results of our investigations about the course and calibre of the abdominal aorta were similar to those of Steinberg (1965) , who wrote that the aorta of the grown-up approached the median line and became came smaller in its course. Luzsa (1972) found the upper third of the abdominal aorta in the median line or a little more to the left, then a straight or little bent course followed. In the material of Bochenek and Reicher (1958) the mean calibre of the aorta was 20 mm at the beginning of the abdominal part and 17 mm at the bifurcation. Steinberg et al. (1965) found a signifiant sex-difference of 2 mm. In our material the difference was just as statistically significant. The level of the aortic bifurcation is usually reported in literature at L4 (Luzsa 1972, De Luca and De Serio 1960) . The mean angle of the aortic bifurcation was 37° in our material.
A much higher value was found by Luzsa in 1972 when he examined sections : 65° in the male and 75° in the female sex. Lize (1968) stated that the angle of the aortic bifurcation increased with age. We did not find such behaviour in our material.
De Luca and De Serio (1960) reported that the length of the common iliac artery was 6.5 cm on the right and 6.3 cm on the left side. The calibre was 0.89 cm on the right and 0.83 cm on the left side. Reich et al. (1964) found in 72% a longer common iliac artery on the left than on the right side. These authors described a lower iliac bifurcation on the left than on the right side. Luzsa (1972) evaluated the variable form of the internal iliac artery.
The course was lateral concave in 39%, straight in 31%, medial concave in 22% and tortuous in 8%. The investigations of De Luca and De Serio revealed, that the mean length of the internal iliac artery was 3.9 cm on the right and 4.0 cm on the left side, the external iliac artery was 9.0 cm on the right and 8.8 cm on the left side. The calibre of the external iliac arteay ranging from 0.4 up to 1 cm, in the mean 0.68 cm. Muratori (1963) saw a continual increase of the calibre of the abdominal aorta and its great branches with increasing are. Taber et al. (1972) derived a linear relation between data of vessels (the calibre of the aorta at Thu, at the origin of the renal arteries and at the bifurcation and the calibre of the common iliac arteries) and body surface.
In our material the origins of the great vessels and the bifurcations were found at a lower level with increasing age. This resulted in a jolting of the iliac arteries.
Together with the increase in length it caused the tortuous course of these vessels. This was particularly marked in hypertensive patients and might be one of the factors causing disturbances of the peripheral circulation. In the evaluation of angiograms made by percutaneous (first by Dos Santos et al. 1931) or retrograde aortography we have to take into consideration the limitation of the method. We are able to measure only the course and breadth of a column of contrast medium.
The third dimension of the vessel course be evaluated by angiographic investigations in at least two planes. Up to this time such investigations have been carried out in cerebral vessels, but not yet in abdominal arteries. Our results can be related to those of Lize (1968) , who made analogous investigations on the corpse. There have been combined investigations to compare the results, so by Goldberg (1965) . The differences of angiographic results to those found in sections may amount to more than 50%. Tassel (1972) used catheters with known and normed size to decrease the failures made in the evaluations of angiograms.
Summary
We investigated the angiograms of 61 grown-up, 33 males and 28 females, aged between 17 and 74 years. In its course the aorta was gradually approaching the median line, the calibre decreased from Thi, (26 mm) down to the aortic bifurcation (19 mm). The aortic bifurcation had a mean angle of 37°C, the iliac bifurcation one of 29° on the right and 20° on the left side. In the mean the aortic bifurcation had a level of L4. The mean calibre of the left and right renal artery measured about 7.8 mm and differed significantly from the calibre of the splenic artery.
In the mean the level of the origin of the renal arteries was slightly higher on the right than on the left side. The side-differences .of the calibres of the common external and internal iliac arteries were not significant. In the higher age groups we observed a lowering of the aortic bifurcation and the origin of the renal arteries.
The increase in length was particularly marked in the splenic artery.
The length of the common iliac arteries varied considerably.
This artery was rather more tortuous on the left than on the right side.
This tortuosity was nearly always found in patients suffering from hypertension. Fig. 7 . Scheme of a mean value of the bifurcations of the aorta and iliac arteries with standard deviations of the angles and of the length of the arteries. Fig. 8a . Level of the aortic bifurcation to the vertebral volumn, and the number of cases, for symboles look Fig. 8b . 
